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ABSTRACT
To evaluate the role played by the spatial resolution in distinguishing land cover classes in the Amazon region,
different levels of spatial resolution (60, 100, 120, 200 and 250 meters) were simulated from a L&ndsat
Thematic Mapper (TM) image. Thematic maps were produced by visual interpretation from the original
(30x 30 meters) and simulated set of images. The map legend included primary forest, old and young woody
secondary succession, and non-forest. The results indicated that for the discrimination between primary
forest and non-forest, spatial resolution did not have great influence for pixel size equal or lower than 200
meters. The contrary was verified for the identification of old and young woody secondary vegetation due to
their occurrence in small polygons. To avoid significant changes in the calculated area of these land cover
types, a spatial resolution better than 100 meters is required. This result is an indication that the use of the
future Brazilian remote sensing satellite (SSR-1) for secondary succession identification may be unreliable,
especially for latitudes between S1and S18 where critical areas of deforestation are located and pixel size
is expected to vary within the same scene from 100 meter{$d 200 meters (S15.

Key words:. spatial resolution, remote sensing, Amazon region, thematic maps, tropical rain forest.

1. INTRODUCTION Landsat 5 TM sensor. Alternative procedures, such

. . . as the use of images derived from the linear spec-
Concerns about deforestation estimates in the 9 P

Amazon region have increased since the first datgal mixture models (Shimabukuro et al. 1999) or

were published in 1978 from visual interpretation from the segmentation technique (Rodriguez-Yi et

of Landsat Multispectral Scanner (MSS) images byal' 2000), followed by visual interpretation, have

. . n considered recently. her com r r-
the National Institute for Space Research (INPE _been considered recently. Other computer supe

. . e e Vi nd/orun rvi igital classification tech-
Brazil). The relative success of this first initiative sedand/orunsupervised digital classification tec

. . iques were used by several researchers to map land
motivated the improvement ofthe methodologyuseop q ) y . p.

. e cover classes in small portions of the Amazon region
for deforestation quantification in the Amazon re-

gion (INPE 2000). Since 1998, visual interpreta- (.g., Nelson and Holben 1986, Irons et al. 1985,

. Townshend and Justice 1988, Cihlar 2000).
tion has been performed on the computer screen at )
The different procedures used to produce the-

1:100,000 scale using color composite images of the . .
matic maps can be applied over optical data col-
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olution. Townshend and Justice (1988) evaluated  The objective of this work is to evaluate the
the influence of the spatial resolution on the globalinfluence of the spatial resolution on the identifica-
monitoring of land transformations, including land- tion of land cover classes in the Brazilian Amazon
scapes inthe Amazon region. They concluded that aegion. For this purpose, different levels of spatial
sensor with a resolution of 500 meters would be recresolution (60, 100, 120, 200 and 250 meters) were
ommended to provide the best compromise betweerimulated from a Landsat 5 Thematic Mapper (TM)
land cover change characterization and the size aimage (30x 30 meters). The investigation is im-
the resultant data volume. However, this conclusiorportant for the design of the future Brazilian remote
was based on a global approach that is different fronsensing satellite (SSR-1) planned for the near fu-
the regional one used in Brazil, in which clear cut-ture. The SSR 1 will operate in an equatorial orbit
ting, secondary succession and selective logging arend carry on board three cameras with a large field of
considered as deforestation categories. The identifiview. The cameras will collect images from Ao
cation of secondary succession stages of vegetatioB12 of latitude with an extremely short revisit time
in the Amazon region is an important subject in theof less than two hours, thus improving the chances
studies of the C@atmospheric emission (Schimel et of acquiring cloud-free data (Carvalho et al. 1997).
al. 1995, 1996), the ecosystem equilibrium (MauseBecause of the optical design of the camera mod-
etal. 1993, Moran et al. 2000), and of the rain for-ules, pixel size should vary within the same scene
est ecosystem preservation (Alves and Skole 1996rom 50 meters (nadir), 100 meters (S},o 200
Alves et al. 1997, McNeill et al. 1994). meters (18S).

A short review on the estimates of tropical for-
est areas from data with different spatial resolution
was presented by Mayaux and Lambin (1995). Ac-
cording to Mayaux and Lambin (1995), deforesta-The study area is located between the longitudes
tion estimates by visual or digital analysis of high W66°59’ and W67?25’ and latitudes S0%3’ and
spatial resolution data require a good knowledge oS0957’, in the State of Acre, Brazil. The area was
the ecology and land use patterns of the area undeselected due to the presence of typical Amazonian
investigation, which is difficult to achieve at very land cover types and the existence of previous re-
broad scales. A coarse spatial resolution leads to gearch activities and resulting ground-based infor-
loss of spatial detail at a rate that depends on the spanation. The landscape is characterized by the prin-
tial structure of the landscape, thus affecting the esticipal road and the secondary ones, locally called
mate of the land cover area, the validation of results'feeder roads", which are perpendicular to the prin-
and the assessment of product accuracy. Moody an¢ipal road. Along the road network, farmers have
Woodcock (1994) mentioned the effect of spatial ag-developed different types of commercial agriculture
gregation on the representation of cover-types proand pasture. Abandoned areas are also common and
portions, which can be significant at broad scalesare characterized by different stages of secondary
These effects are due to the necessity of correctinguccession of vegetation.
proportional errors, caused by the coarse spatialres-  To evaluate the impact of the spatial resolu-
olution, to extract quantitative information on forest tion on the identification of the different land cover
cover from broad scale maps and to compare sucblasses, a filtering procedure proposed by Banon
maps with finer scale observations. According to(1990) was applied to simulate low spatial resolu-
Achard et al. (2001), the legend maps and the station images (60, 100, 120, 200 and 250 meters) from
tistical data derived from coarse spatial resolutionLandsat 5/TM data (3& 30 meters). These simu-
satellite sensors can be misleading without accuraciated spatial resolution values are compatible with
assessment and a correction procedure. variations in pixel size that will be presentin a given

2. MATERIALSAND METHODS
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scene produced by the future SSR 1 cameras, frorwhere:

nadir to extreme viewing. The algorithmis based on ] o

the assumption that most of the imagery systems for Kappai '_S the Kappa coefficient for the map cat-

Earth remote sensing can be represented as linear egoryt,

filters having separable and gaussian Point Spread » is the total number of observations;

Functions. The procedure consists in enchaining. .. andx,; are the marginal raw and column to-

elementary filters which have a small, finite Point tals, respectively.

Spread Function support. Details on the method,

including equations and examples of applications, ~ The global mapping accuracy (all map cate-

can be found in Banon (1990). gories together) of each thematic map was based on
The current methodology adopted by INPE to the equation described by Bishop et al. (1975):

calculate deforestation estimates in the Amazon re-

1 i

gion is based on the use of a linear mixing model, n Z Xi — Z(xi+x+i)

followed by the segmentation of the shadow fraction Kappayora; = i=1 . i=1

image, in which unsupervised digital classification n2 — > (xi4X4i)
i=1

is performed. Refinements of these classification
results are made through visual interpretation on thevhere:
computer screen of color composites (TM3(blue),
TM4(red) and TM5(green)). In the study area, the
production of the thematic maps from both the orig-
inal and the simulated images was performed essen- 7 is the total number of observations;
tially from visual interpretation on computer screen_ . andy_; are the marginal raw and column to-
of color composites and from the availability of tals, respectively;
ground-based information. The legend adopted to
produce the maps included the following land cover ~ The significance of the Kappa coefficients was
types: primary forest (preserved tropical rain for- not calculated since these coefficients were deter-
est), old and young woody secondary successiofnined rather than estimated for the entire study area
vegetation stages (woody biomass that grows afor for each map category.
ter land abandonment), and non-forest (soil, pas-
ture and crops). The area of these land cover types
in each of the six thematic maps (original plus five Figure 1 shows the color composites of the origi-
simulated images) was calculated by an algorithm.nal and simulated Landsat 5/TM images used in the
The map generated from the original TM/Land- visual interpretation. The images were enhanced
satimage (3& 30 meters) was considered as refer-by linear contrast stretch. In Figure 1, primary for-
ence in order to compare the results achieved witlest and old/young woody secondary vegetation are
the other levels of spatial resolution. This compar-represented by reddish shades, whereas non-forest
ison was performed by using the contingency ta-surface components (e.g., soil, emerging and green
ble to calculate the Kappa coefficient of agreementpasture, crops) appear in bluish and yellowish col-
an index frequently derived to express classificatiorors.
accuracy (Foody 2002). The Kappa coefficient to Figure 2 shows the thematic maps generated
express the map category accuracy is described byom visual interpretation of the images depicted in
Congalton (1991) through the equation: Figure 1. As observed in Figure 2, the most impor-
tant changes associated with the spatial resolution
degradation, from 30 to 250 meters, are related to

Kappaiora is the Kappa coefficient considering
all the map categories;

3. RESULTSAND DISCUSSION

nXj4 X4
Kappa; = ———
NXi+ — Xi4X4i
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120 mx 120 m

200 m x 200 m

250 mx 250 m

Fig. 1 — Landsat 5/TM images at different simulated levels of spatial resolution. The bands 3, 4 and 5 are depicted in blue, red and
green colors, respectively.

the smoothing of polygon boundaries that characAs shown in Figure 3a, estimates of forest and non-
terize the transition between forest and other surfacéorest areas are not significantly affected by changes
components. Furthermore, by coarsening the spatiah spatial resolution up to 200 meters, beyond which
resolution, small polygons of old and young woody anincrease in area of forestis observable due to pixel
secondary vegetation disappear or are incorporateithcorporation of other land cover types (e.g., old
into the other land cover types. woody secondary vegetation). On the other hand,
Figure 3 illustrates changes in area of each landstimates of old and young woody secondary veg-
cover type as a function of the spatial resolution.etation are strongly affected by spatial resolution

An Acad Bras Cienc (2002)74 (4)
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-—

250 m x 250 m
Young woody 0Old woody
Legend: . Forest I:' Non-forest I:' secondary vegetation . secondary vegetation

Fig. 2 — Thematic maps resulting from visual interpretation of the Landsat 5/TM images of Figure 1 with different simulated levels of
spatial resolution.

for simulations with pixel size higher than 100 me- cock (1997), productive land areas in Egypt were
ters due to the small size of their polygons that tendslightly underestimated at spatial resolutions of 120
to disappear with pixel size increase (Figure 3b).meters due to landscape characteristics such as small
These results are in agreement with those achieveaverage farm size, variable cropping schedules, and
by Pax-Lenney and Woodcock (1997) who studiedcultivation of peripheral lands. The present results
the effects of spatial resolution on the agriculturalalso show that the spatial resolution of 500 meters
monitoring. According to Pax-Lenney and Wood- recommended by Townshend and Justice (1988), as

An Acad Bras Cienc (2002)74 (4)



FLAVIO J. PONZONI, LENIO S. GALVAO and JOSE C.N. EPIPHANIO

722

200

(juy) vaay

250

200

120

100

60

30

Spatial resolution (m)

| Primary forest & Non-forest |

N

_

(un) wary

250

200

120

100

Spatial resolution (m)

= Old woody secondary vegetation |

b)

‘ Young woody secondary vegetation

Fig. 3 — Area estimates for forest and non-forest in (a) and for old and young woody

secondary vegetation in (b), as a function of the simulated spatial resolution values.

the best compromise between land change detectiathe matched portion of a specific land cover class

and data volume, would affect the accuracy of thein the original (30x 30 meters) and in the simu-

identification of the woody secondary vegetation inlated images, are shown in Figure 4 for a variable

spatial resolution. As indicated in this figure, the

Variations in Kappa coefficient, that representold and young woody secondary vegetation are the

the Amazon region.
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most sensitive land cover types to changes in sparesolution coarser than 200 meters produces an in-
tial resolution due to their occurrence in small sizecrease in area of forest due to pixel incorporation of
polygons in the study area. Significant changes irother land cover types (e.g., old woody secondary
accuracy values for these surface components aneegetation).
observed for simulations from 100 to 250 meters. This result has important implications for the
From 30 to 250 meters, the old woody secondaryplanned Brazilian equatorial orbit satellite SSR 1.
vegetation was almost completely incorporated intoBecause of the optical design of the camera mod-
the primary forest class because of the spectral simudles, pixel size should vary within the same scene
ilarity of these arboreal covers. In Figure 3b, theaccording to the latitude of data acquisition (50 me-
area of this land cover decreases from 2.24 K89  ters at nadir; 100 meters at $1Gnd 200 meter
meters spatial resolution) to 0.12 kif250 meters). at S1%). Since most of the critical areas of defor-
On the other hand, the area of occurrence of thestation are located between 8add S15, the use
young woody secondary vegetation decreases frorof SSR 1 for identification of the woody secondary
4.95 knt to 2.13 knt with pixel size increase, and vegetation classes and deforestation estimates will
the remaining difference (error of visual interpre- be unreliable due to pixel size values higher than
tation) is interpreted mainly as primary forest and 100 meters at these latitudes.
non-forest. Because land cover types are incorpo-  This study is also important for global scale
rated into the primary forest class in some exteninvestigations by providing specific information on
with coarsening spatial resolution, there is a rela-the relationships between the regional identification
tive increase in the area of this class with pixel sizeof Amazonian land cover types and the spatial reso-
increase, as shown in Figure 3a. lution.

In Figure 5, when all land cover classes are
considered, results from determination of the total 5. ACKNOWL EDGMENTS

Kappa coefficient show that the map accuracy tends

. . ghe authors are grateful to ti@oordenacéo Geral
to decrease for spatial resolution coarser than 10 . . )
meters de Engenharia e Tecnologia Espacial (ETE/INPE)

for providing essential information related to the
planned SSR 1.
4. CONCLUSIONS

The results indicated that the spatial resolution had a RESUMO

strong impact on the identification of old and young Para avaliar o papel da resolugéo espacial na discrimina-
woody secondary vegetation in the Amazon envi-¢éo de diferentes classes de uso da terra na regido Ama-
ronment due to the interaction of the size of thesezdnica, diferentes valores de resolucéo espacial (60, 100,
land cover types with the image spatial resolutions120, 200 e 250 metros) foram simulados a partir de uma
examined. The optimal value of spatial resolutionimagem do sensor "Thematic Mapper" (TM) do satélite
for the identification of these land cover types wasLandsat 5. Mapas tematicos foram elaborados através
100 meters due to the landscape characteristics afa interpretagado visual tanto nas imagens origi(@ds<

the woody vegetation regrowth in small average size80m), quanto nas imagens simuladas. Na legenda foram
abandoned areas. For spatial resolution coarser thamcluidos a floresta primaria, as sucessées secundarias ini-
100 meters, significant changes in the calculatedial e avancada, e areas de ndo-floresta. Os resultados
area of the woody secondary vegetation were obindicaram que para os temas Floresta e Nao-floresta as
served in the study area. On the other hand, thelteracdes na resolugédo espacial ndo exerceram influéncia
optimal value for a simple discrimination between marcante nas estimativas de suas areas, até as simulagées
forest and non-forest areas was 200 meters. Spatiadk 200 metros. O contrario se verificou na identificagdo

An Acad Bras Cienc (2002)74 (4)
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Fig. 4 — Kappa coefficients, calculated in relation to the mapping of the original Landsat
5/TM image (30x 30 meters), for different land cover types and spatial resolution.
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Fig. 5 —Total Kappa coefficients calculated from all land cover types.

das areas das formacdes florestais secundarias, uma vema mesma tomada de cena entre 100 metros’{%10
que elas ocorrem sob forma de pequenos poligonos. Pagd0 metros (S1%.

evitar mudancas significativas no calculo de area dessas;|ayras-chave: resolucéo espacial, sensoriamento re-
formagdes, uma resolugéo espacial melhor que 100 Mgxoto, Amazonia, mapas teméticos, floresta tropical.

tros é necesséria. Esse resultado € uma indicagdo de que o

uso do futuro satélite brasileiro de sensoriamento remoto REFERENCES

(SSR-1) para a identificagdo de vegetagao secundaria em .
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